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Abstract 
Knowledge of biodegradability of leachate during municipal solid waste disposal is important for this process. The 
traditional indicator BOD5/COD can characterize the leachate stability, but the experiment of BOD5 lasts long time 
and success or failure is often affected by various factors, such as the seed, solution times, dilution multiple, and high 
levels of nitrate and nitrite. The present study was built up an innovative method with short time to determine the 
biodegradability of leachate by using XAD-8 resin. The leachate was sampled from the aerobic, semi-aerobic, and 
anaerobic degradations of municipal solid waste. The degradability of leachate could be determined using the formula 
given by 1-2.084CODXAD/COD. When the CODXAD/COD ratio is greater than 0.432, the leachate is expected to be 
stable. 
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1. Introduction 
Landfill leachate production and management have been recognized as one of the most serious 
problems in the environmental operation of sanitary landfills. The ratio of biological oxygen demand 
(BOD5) to chemical oxygen demand (COD) is a commonly used indicator of waste decomposition [1] and 
can also guide the leachate treatment process and establish the grounds for the assessment of the 
environmental risks of leachate [1-3]. Experiments on BOD5 last for 5 d, and success or failure is often 
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affected by various factors, such as the seed, solution times, dilution multiple, and high levels of nitrate 
and nitrite.  
Generally, leachate produced in younger landfills is characterized by large quantities of volatile acids, 
which comprise as much as 95% of the organic matter [4]. In mature landfills, large portions of the 
organics in leachate become refractory and are humic and fulvic-like fractions [5], which comprise over 
60% of the organic matter [6-8]. The biodegradability of leachate decreases and the degree of 
humification increases as landfilling age increases [6,9,10]. When humic substances are removed from 
leachate, biodegradability increases [11]. He et al. [3] also found that the removal of humic acid 
significantly increased the BOD5/COD ratio (from 0.05 – 0.1 to 0.3). Therefore, two fundamental 
approaches could typically be used to determine the biodegradability of leachate. These methods are (1) 
the direct measurement of the BOD5 of leachate and (2) the indirect calculation of BOD5 through the 
measurement of the non-biodegradable organic matter content of leachate. 
XAD-8 resin could be used to isolate humic substances from leachate (He et al., 2006). Since the 
isolating process was expected to separate and purify humic acids, fulvic acids and hydrophilic fractions 
according to their hydrophilic-hydrophobic interactions, the procedures were complex including adjusting 
various pH values, acidification, centrifugation, precipitation, elution and so on. No matter the humic 
substances belonged to which species, they were not biodegradable matter. Considering the different 
purposes, whether there would be a method using XAD-8 resin with simple procedure to roughly assess 
the humic substances, and then to indicate the biodegradability of leachate? If the leachate was directly 
filtrated using XAD-8 to remove the fulvic acids without the isolation of humic acids, and the method 
could also indicate the biodegradability of leachate, it would be improved for simplicity and efficiency. 
However, a number of challenges emerged because leachate is highly variable and heterogeneous, and the 
relationship between BOD5 and the results of the improved method was unclear.  
In the present work, the characteristics of leachate generated from different simulated landfill reactors 
were investigated by analyzing COD, BOD5, pH, and the non-degradable organic matter content of 
leachate using the improved method. In addition, the present study aims to validate the feasibility of the 
improved method and to assess the biodegradability of leachate. 
 
2. Methods 
2.1.  Experimental setup 
Four reactors (A1, A2, B1, and B2) were set up to simulate different landfill technologies. A1 was 
operated with forced aeration and with leachate recirculation, A2 was in a semi-aerobic condition, B1 was 
operated in an anaerobic condition with leachate recirculation, and B2 was in an anaerobic condition. The 
four reactors were operated for 197, 449, 463, and 463 d, respectively. All reactors were made up of 
15 mm thin PVC plastic, with an 800 mm inner diameter and 2100 mm height. The details of the 
dimensions of the reactors were reported in previous studies [12,13]. Fresh municipal solid waste (MSW) 
was obtained from a sanitary landfill in China. The moisture (wet basis), volatile solid (VS), and 
biologically degradable matter (BDM) of the sample were 60.3%, 42.6%, and 38.9%, respectively. The 
characteristics of the waste were also reported in earlier studies [12,13]. 
2.2. Analytical methods 
Analyses of COD and BOD were conducted using the procedures given in the Standard Methods [14]. 
The VS content was determined by ashing the dry samples at 550 ºC to the constant weight [15] in a 
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muffle furnace (SX2-8-10; NuoJi Instrument Co., Ltd, Changzhou, China). The analytical procedures and 
calculation methods for biologically degradable matter (BDM) in solid [16] were similar to those 
described for COD, except that the analysis was performed at room temperature. Before the separation of 
the organic matter using XAD-8 resin, the leachate was first filtered through a membrane with a mesh 
size of 0.45 Pm. The pretreatment of XAD-8 followed the method described by Li et al. [17]. Then, the 
XAD-8 adsorption method was performed as follows: First, the pH of the leachate (20 mL) was adjusted 
to 2 using a 1 mol/L HCl solution. Then, the sample was passed through a column (inner diameter 1.6cm, 
height 20cm) packed with XAD-8 resin. The resin was then rewashed by adding a column volume of 
0.1 mol/L NaOH. Finally, the resin was washed 2–3 times using a column volume of deionized water. 
The filtration rate was 1 mL per minute. The total eluted solution (50 mL) was collected and then 
immediately acidified using HCl. The COD of the final eluted solution, labeled as CODXAD, was 
measured. 
3. Results and Discussion 
3.1. The degradation of MSW 
The changes in VS and BDM over the course of the experiment are shown in Fig. 1. These two 
parameters served as important indicators of the extent of waste degradation and stabilization. The waste 
degradation in A2 and B2 were lower compared with those of A1 and B1. The reactors A1 and B1 were 
finished faster than the other reactors due to the aeration and leachate recirculation which were the main 
technology for the enhancement of landfill stability [18,19]. From 40%, the VS contents of A1, A2, B1, 
and B2 were reduced to 20%, 25%, 17%, and 30%, respectively. The net VS reduction of the four 
reactors was estimated to be 62.5%, 50%, 69.3%, and 35.7%, respectively. These results indicate that the 
final waste content of A2 and B2 had the potential for further degradation, although the values of VS in 
A2 and B2 remained constant after 295 and 258 d, respectively. The trends of BDM were similar with 
that of VS. 
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Fig. 1. VS and BDM for four reactors during the waste decomposition 
The pH trends describing leachate condition over time are shown in Fig. 2. Leachate pH in the aerobic 
reactor initially increased and then remained relatively constant in the range of 8.5 to 9.0. Leachate in the 
reactors with semi-aerobic and anaerobic conditions and with leachate recirculation remained acidic at the 
beginning of the experiment. Leachate pH in A2 ranged from 6.4 to 6.6 until day 197 and increased to 7.5 
at day 337. pH then remained constant at 7.6. The pH values in the leachate from B1 were predominantly 
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in the range of 6.2 to 6.5 in the first 169 days. After day 169, pH values began to increase to 7.8 at day 
323 and became constant at the end of the experiment. pH values in leachate from B2 were always acidic 
during the experiment. After day 295, pH values began to decrease from the range of 6.6 to 6.8 to the 
range of 6.1 to 6.2. The leachate pH increases gradually for all reactors except B2. The pH in the reactor 
B2 appears to decrease slightly to about 6.1-6.2 after day 295, perhaps due to stimulation of the 
hydrolytic and fermentative bacteria in the refuse, resulting in an accumulation of carboxylic acids. This 
phenomenon also occurred in the literature by Jiang et al. [20]. The leachate pH decreased from 6.7 to 6.5 
after 10 week in the anaerobic reactor. 
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Fig. 2. Changes in pH of the four reactors over time 
3.2. Relationship between CODXAD and (COD-BOD5) 
The value of (COD-BOD5) indicates the amount of non-biodegradable organic matter in leachate. To 
prove the feasibility of the XAD-8 adsorption method, the relationship between CODXAD and (COD-
BOD5) was established, as shown in Fig. 3. The label in this figure refers to the time (day) when the 
leachate was sampled. The results of both methods correlate linearly with each other. A correlation 
coefficient of R2 = 0.767 was obtained from the evaluation of 83 leachate samples during the 
decomposition processes from various landfill technologies. Compared with the 83 samples, another 10 
samples showed interestingly different correlations. The 10 samples were from B2 and were sampled 
after day 295. The characteristics of leachate and the state of waste degradation may be the factors that 
affected the various correlations. The pH values of the leachate of these 10 samples were in the range of 
6.1–6.2, which was relatively lower than that of the other samples. This result means that the correlation 
between BOD5 and COD-CODXAD exists only in the case of leachate with a relatively low 
biodegradability, which is the lack of this method. However, when pH was lower, the solid waste was just 
in the first stages of degradation, which was not much important to assess the stability of leachate.  
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Fig. 3. Relationship between CODXAD and (COD-BOD5) under various processes 
As shown in the trends of VS and BDM, the waste degradation in B2 appeared to be inhibited after day 
295. In addition, long chains of fatty acids, which may inhibit waste degradation and can be absorbed by 
XAD-8, were probably accumulated during this time [21]. Further studies are necessary to investigate the 
details of the mechanism for the extraction of organics using XAD-8. 
3.3. Biodegradability of leachate using the CODXAD 
The results from Section 3.2 show that the biodegradability of leachate could be determined using the 
formula given by 1-2.084CODXAD/COD rather than the BOD5/COD ratio. Several studies used a 
BOD/COD value of less than 0.1 to ascribe the leachate as stabilized [22-25]. When the BOD5/COD is 
less than 0.1, CODXAD/COD is calculated greater than 0.432 according to the formula “BOD5/COD =1-
2.084CODXAD/COD”. In contrast to BOD5, the CODXAD method can be performed within a shorter time. 
In addition, the other priority for CODXAD is the determination of the feasibility of recycling humic 
substances from leachate [11]. This means that the CODXAD can be not only used to assess the 
biodegradability of leachate but also to assess the values of extracting humic substances from leachate. 
4. Conclusion 
Trial results highlighted the effectiveness of the proposed method for determining leachate 
biodegradability using XAD-8 resin. A linear relationship was observed between CODXAD and the (COD-
BOD5). Consequently, CODXAD could estimate the biodegradability of leachate using the equation given 
by 1-2.084CODXAD/COD. When the CODXAD/COD ratio is greater than 0.432, leachate is expected to be 
stable. Further studies can focus on the definition of the organics adsorbed using XAD-8. 
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